Studies of equatorial F region evening vertical plasma drifts using different measurement techniques have produced conflicting results. We examine the relationship of incoherent scatter radar and ionosonde drift observations over the Peruvian equatorial region, and AE-E satellite drifts for different geophysical conditions. Our data show that there is large day-to-day variability on the ratios of radar and ionosonde drifts, but on the average the measurements from these two techniques are in fair agreement during low and moderate solar flux conditions. For high solar activity, however, the Jicamarca evening drifts during equinox and December solstice are significantly larger than the ionosonde drifts. These results can be explained by the different height ranges of the radar and ionosonde measurements, and the increase of the upward drift velocity with height below the F region peak. This altitudinal variation is related to the longitudinal gradient of the zonal plasma drifts as a result of the curl-free electric field condition.
Introduction
The altitudinal variation of the ionospheric plasma density is strongly affected by vertical plasma motions. In the equatorial ionosphere the F region vertical plasma motions result from electrodynamic drifts driven by the zonal electric field. The equatorial F region drifts have been studied extensively with incoherent scatter radar observations at the Jicamarca Radio Observatory (12.0 ø S, 76.9 ø W; dip 2øN) [e.g., The vertical drift patterns measured by different probes are generally in good agreement, but the drift amplitudes show some significant unexplained discrepancies. Fejer et al. [1995] showed that the F region vertical drifts from the Ion Drift Meter (IDM) on the AE-E satellite are consistent with the •On leave from Instituto Nacional de Pesquisas Espaciais, S5o Jos6 Vertical drifts play important roles in the electrodynamics of the equatorial and low latitude ionosphere. Therefore, it is important to determine whether the reported discrepancies can be explained by geophysical effects or are due to the measurement techniques. This is the objective of the present study. In the following sections, we give initially a brief description of the measurement techniques, and examine the relationship of radar, ionosonde, and AE-E F region vertical drifts. Finally, we explain these observations by taking into account the height ranges sampled in these measurements and the equatorial evening plasma circulation.
Measurement Techniques
The Jicamarca incoherent scatter radar measures the vertical F region plasma drifts usually between about 250 and 700 km with a height resolution of typically 15 km and with an integration time of 5 min. Here we use the drift values obtained by averaging these measurements near and above the F region peak where the signal-to-noise ratios are highest. As mentioned earlier, the radar and satellite measurements correspond to heights near the F region peak and above, whereas the ionosonde observations are associated with altitudes in the valley below the peak. Therefore, the results above indicate the occurrence of upward velocity gradients below the F region peak during equinox and December. This is consistent with ionosonde observations over India presented by Sastri et al. [ 1995] . Our data are not well suited for accurate estimates of these altitudinal gradients but, if we assume a height difference of 100-150 km between the radar and ionosonde measurements, the height gradients near the velocity peak would be of the order of 0.1 rn/s/km.
Discussion
Woodman [1970] suggested that the F region vertical velocities do not change much with altitude except near sunrise and sunset. Murphy and Heelis [1986] showed that the assumption of height independent vertical drifts is inconsistent with the curl-free electric field requirement and that even small changes in the height gradient correspond to large variations on the zonal drift pattern. Pingree and Fejer [1987] studied the height variation of the Jicamarca vertical drifts during solar minimum using high resolution vertical and zonal drift measurements. The vertical drifts increased with height between about 0800 and 1200 LT, and then decreased up to about 2200 LT with average gradient values of about 0.015 rn/s/km. These gradients showed large day-to-day variability, but the average drift pattern was consistent with the cUrl-free electric field condition at all local times. Sastri et al. [ 1995] showed ionosonde drifts from Kodaikanal (10.3øN, 77.5øE, dip  4øN) and Trivandrum (8.5øN, 77øE, dip 0.6øS) solstice also for high solar activity, is probably due to the small prereversal velocity enhancements which produce plasma distributions such that the E and F region dynamos do not change much with altitude below the peak. If the upward velocity gradients occur only at relatively low altitudes (below about 200-250 km), they will not be easily detected with the radar and ionosonde techniques. Relatively large upward velocity gradients should occur even during solar minimum provided that the F region is raised to sufficiently high altitudes as observed by Sastri et al. [1995] . Since the prereversal velocity enhancement and the zonal drift pattern have large day-to-day variability, it is not surprising that so does the vertical velocity gradient.
The results derived for the Peruvian region should also be applicable to other longitudinal sectors provided that the different seasonal variations of the evening vertical drifts are taken into account. This study is presently underway.
Conclusions
We have shown that in the dusk sector, radar and ionosonde drifts over Peru are in good agreement during June solstice, whereas during equinox and December solstice the radar drifts are increasingly larger than the ionosonde drifts from solar minimum to solar maximum. These results can be explained by taking into account the different height ranges sampled by these two techniques, the curl-free electric field condition, and the F region plasma circulation. We concluded that the lower F region vertical plasma drift s increase with altitude during equinox and December solstice near solar maximum. The evening drifts are nearly height independent during June solstice for all solar flux values. Above the F region peak, the vertical drifts decrease with height independent of season and solar activity. 
